Introduction
One of the aims in the study of molecular clouds, is the determination of their column densities and masses. Combining data of 12 CO(1−0) and 13 CO(1−0), LTE-column densities can be calculated assuming that the excitation temperatures of both molecules are equal and adopting some value for the 13 CO abundance. Mass determinations in this way have been made only for clouds that are either nearby, and/or in the inner Galaxy using abundances derived from comparisons of molecular and optical data of local (solar neighbourhood) clouds and Hii regions.
From only
12 CO-data, one can derive so-called "W CO column densities" [W CO = T * R ( 12 CO)dV ], using an empirical value for the ratio X=N H2 /W CO , which has been found to lie in a relatively narrow range for many clouds, although its actual value is still under discussion (Wolfendale 1991) .
Send offprint requests to: J.G.A. Wouterloot Wouterloot & Brand (1989; hereafter WB 89) used the SEST and the IRAM 30-m telescope to make an extensive CO survey towards IRAS point sources located in the outer Galaxy (second and third quadrants), with infrared colours that discriminate in favour of sources frequently associated with H 2 O masers and dense molecular cloud cores (Wouterloot & Walmsley 1986) . Subsequently, about 30 clouds located in the far-outer Galaxy (FOG; R>16 kpc, assuming R =8.5 kpc) were mapped in 12 CO(1−0) using the SEST and the 3-m KOSMA telescope (Brand & Wouterloot 1994) . Two of these clouds were also mapped in 13 CO(1−0) and in other clouds 13 CO(1−0) was observed only at some positions.
Using these data, Brand & Wouterloot (1995) compared column densities N Wco , derived adopting X=2.3 10 20 cm −2 (Kkm s −1 ) −1 , with LTE column densities, N lte . They showed that the LTE column densities are lower by a factor 5 than the ones, derived from the integrated 12 CO emission alone. This could indicate that in the FOG X is lower than the value used, which would however be in contradiction with other results indicating that X should be higher in the far outer Galaxy. Alternatively the 13 CO abundance in the FOG could be lower than the value which was assumed (2 10 −6 , derived by Dickman (1978) for local clouds). This would agree with observational evidence of a gradient in the 12 C/ 13 C ratio across the Galaxy (see Fig. 1 of Wilson & Matteucci 1992 (WM 92) , and Wilson & Rood 1994) . WM 92 combined data from Gardner & Whiteoak (1979) , Henkel et al. (1980 Henkel et al. ( , 1982 Henkel et al. ( , 1985 , and Langer & Penzias (1990) . This ratio increases from about 40 at R=4.5 kpc to 80 at R=10.5 kpc, but has a large scatter. An extrapolation of the WM 92 fit to those data (an increase of the ratio of 6.2±1.6 kpc −1 ) gives a 12 C/ 13 C ratio of about 123 at R=16−20 kpc, the interval where the clouds from our present sample are located. According to their modeled gradient, the ratio would be about 110 in the FOG. Combined with the modeled gradient in 12 C/H (for which there are no observational data yet), this would result in a ratio N ( 13 CO)/N (H 2 ) of 3 10 −7 . Applying this value Brand & Wouterloot (1995) obtained column densities N lte that are approximately equal to N Wco . Beyond R=12 kpc there are very few observational data on abundances, however. Fich & Silkey (1991) derived the abundances of several elements from observations of optically visible Hii regions at R=11.5−17.9 kpc, and found that, at least for nitrogen, the abundance gradient appears to be flatter in the FOG with respect to the extrapolation of the gradient found by Shaver et al. (1983) for R≤12 kpc. Rolleston et al. (1994) obtained abundances from measurements of stars at R=13 kpc, and found a large scatter with some values close to those in the solar neighbourhood. However it is possible that such stellar abundances do not reflect the true ones because of mixing processes. Recently, Rudolph et al. (1994) concluded from observations of far-infrared fine structure lines of N, O, and S towards compact Hii regions, that there is an abundance gradient continuing beyond 15 kpc from the galactic center. Also in external galaxies there is no indication for flattening of abundance gradients (see Henry & Howard 1995) .
To investigate whether the relevant abundance gradients really continue beyond distances from the galactic centre, R, larger than 11 kpc, we have used the IRAM 30-m telescope to observe 5 clumps associated with IRAS sources with 16<R<17 kpc, in several CO isotopes. One of these clumps was observed in 13 C 18 O(1−0) and (2−1), and combining those data with C 18 O(1−0) and (2−1), we can obtain information on the 12 C/ 13 C ratio in that cloud, similar to the observations of Wannier et al. (1976) , Wilson et al. (1981) and Langer & Penzias (1990 , 1993 for several inner Galaxy and solar neighbourhood clouds. The observational method is described in Sect. 2, the results are shown in Sect. 3, and abundance ratios are derived and discussed in Sect. 4.
Observations
From WB 89 we have selected 5 sources (listed in Table 1) , which have T [ 12 CO(1−0)]>10 K when observed with the IRAM 30-m telescope. Because the 12 CO and 13 CO emission towards such sources peak close to, but not at the IRAS position (which has an uncertainty of 10 −30 ), we mapped on May 1-3, 1993 with the IRAM 30-m telescope a small region around each source simultaneously in 12 CO(2−1), 13 CO(1−0), and 13 CO(2−1), using three SIS receivers. The beam size of the 30-m telescope is about 22 for the (1−0) transitions and about 11 for the (2−1) transitions, which at the distances of the sources corresponds to resolutions of 0.92−1.12 pc and 0.46−0.56 pc, respectively. We first observed the regions on a 24 raster and then zoomed in around the 13 CO peaks using a 12 raster or an (incomplete) 6 raster. To obtain information about the CO excitation we also observed 12 CO(1−0) at some positions in the cloud centers. As backends we used a 128-channel filterbank with a resolution of 100 kHz [for 13 CO(2−1)], and an autocorrelator split into three parts with 1792 channels each with resolutions of 39 kHz [for 13 CO(1−0), 12 CO(1−0), and 12 CO(2−1)]. All observations were done in total power mode with reference positions (see Table 1 ) chosen using the maps from Brand & Wouterloot (1994) . Typical rms noise values in the maps are 0.10 −0.15 K [ 13 CO(1−0, 2−1)], and 0.3−0.4 K [ 12 CO(1−0, 2−1)]. In Table 1 , Col. 1 gives the source number from WB 89 and Col. 2 the IRAS name. The positions in galactic coordinates (given in Cols. 3 and 4) deviate slightly from the IRAS positions due to a small error in the conversion program. In Col. 5 we therefore list the offset of the IRAS source with respect to the center position used. Columns 6-8 give the distances from the Sun and the galactic centre, and the luminosity of the IRAS source. The reference position used is given in Col. 9. Because 13 CO is much less optically thick than 12 CO, its emission can be used to trace the position with the highest column density. Towards the positions of the 13 CO peaks near the five sources in Table 1, we have measured  C 18 O(1−0) and (2−1) on October 7-10, 1993 (however few data were obtained due to bad weather, and all spectra were discarded) and September 18-22, 1994 . In order to check whether these observations are consistent with the maps, we simultaneously also observed 13 CO(1−0), and 12 CO(2−1). For these observations we used an autocorrelator split into 4 parts with 448 channels [39 kHz resolution; C 18 O(1−0) and 13 CO(1−0)], 897 channels [78 kHz resolution; C 18 O(2−1)], and 1345 channels [78 kHz resolution;
12 CO(2−1)] respectively. In the same transitions we mapped a small region on a 24 raster around the centre of the 13 CO(2−1) map of W 33 by Goldsmith & Mao (1983) [(0 ,0 ) Downes (1989) for a discussion of efficiencies adopted at the 30-m telescope), with forward efficiencies 
Results
The distribution of 12 CO and 13 CO (1−0) and (2−1) emission towards the five WB 89 sources is shown in Figs. 1a-e. Within each cloud we observed the 13 CO peak position in C 18 O. These positions are listed in Col. 2 of Table 2. Column 3 gives the offset (in galactic coordinates) of this position from the IRAS position (see Col. 5 of Table 1). From contour plots (not shown) of the integrated 13 CO(1−0) and (2−1) emission we have estimated the size of the clumps associated with the IRAS sources. We determined the size of the minor and major axis at the half power level, and corrected for the angular resolution. These sizes are listed in arcsec in Cols. 4 [ 13 CO(1−0)] and 5 [ 13 CO(2−1)] of Table 2 , and in pc in Col. 6, using the distances of the sources given in Table 1 . Using the cloudaveraged 13 CO(1−0) line widths δv in Col. 7 of Table 2 we derived the virial masses in Col. 8, assuming gaussian clumps (M vir =370dδv 2 tan A 1/2 /π), where A 1/2 is the cloud area at the half power level.
The spectra observed towards the 13 CO peak positions are shown for the five sources in Fig. 2 [ 12 CO and 13 CO (1−0, 2−1)] and in Fig. 3 [C 18 O(1−0, 2−1)].
W 33
The 13 CO(2−1) map of W 33 by Goldsmith & Mao (1983) was made with a resolution of about 1. 6 (≈1.9 pc at a distance of 4 kpc). It shows a maximum at (0,0), corresponding to the radio continuum source G12.8−0.2 (Goss et al. 1978) . Following Goldsmith & Mao, we used a reference position at (−1800 , 0 ). Checking this against a reference position at (1800 , 0 ), we see faint (about 0.5 K) emission in 13 CO(1−0) at 30 km s −1 (and (1800 ,0 ) shows 1 K emission at 39 km s −1 ), but none (<0.1 K) in C 18 O(1−0). In 12 CO(2−1) there is confusion because both reference positions contain lines of about 0.5−2 K at velocities between 11 and 51 km s −1 . In addition there is weaker emission between 62 and 77 km s −1 at (−1800 ,0 ). This does however not affect our conclusions. The spectra of the maps made towards W 33 are shown in Fig. 4 . The 12 CO emission is very complex, with large variations within the 24 grid. However only one of the components contains high density gas as shown by the single component at 35 km s −1 seen in C 18 O, which is strongly peaked near a compact core in the northern part of the radio continuum source (see the 6 cm map by Ho et al. 1986 ). The C 18 O(1−0) clump size at half maximum is 85 ×59 , or 1.6×1.1 pc 2 , which is slightly larger than the radio continuum source. With a cloud-averaged line width of 5.35 km s −1 , the virial mass of this clump would be 8200 M . From the maps in Fig. 4 we chose the offset position (0 , 24 ) (where is the T (C 18 O)dv peak) to be observed with longer integration time in 13 C 18 O because it would be less affected by pointing errors than e.g. (0 , 48 ) because of the steep gradient north of the latter position.
WB 89-380
This is the most luminous source from the sample. The 12 CO emission shows strong self-absorption (see Fig. 2 ), the 13 CO and C 18 O emission being at the velocity of the 12 CO dip. Also the 13 CO spectra show two peaks, but in this case it is probably caused by the presence of two velocity components at about −85.5 and −87 to −88 km s −1 . These are also seen in C 18 O as an asymmetric line profile. Wouterloot et al. (1993) found H 2 O maser 12 CO and 13 CO spectra at the five 13 CO peak positions for the (1−0) (left) and (2−1) (right) transitions. All spectra are on the same (relative) velocity scale emission towards this source. The maser position corresponds to an offset of (−11 , 2 ) in our map and of (1 , 2 ) with respect to the 13 CO peak. Rudolph et al. (1996) detected a compact Hii region associated with the IRAS source at offset (−12 , −3 ) in our map and of (0 , −3 ) with respect to the 13 CO peak. The cloud was observed with the BIMA interferometer in CS(2−1) and in 12 CO(1−0) by de Geus et al. (1996) . A CS peak coincides with the radio continuum source.
WB 89-391
This source shows the narrowest C 18 O emission (though slightly asymmetric) with line widths of about 1.4 km s −1 , and there is no significant velocity gradient within the clump. The 12 CO(2−1) emission near the 13 CO peak is probably affected by self-absorption. Rudolph et al. (1996) detected a radio continuum point source (size 2. 9) towards offset (0 , −8 ).
WB 89-399
The distribution of the 13 CO emission is elongated and shows several maxima in the (2−1) transition. In the lower left corner of the map there are two velocity components at −82.2 km s −1 and at about −81 km s −1 . Therefore the size of this cloud is not well-defined and we give only one approximate number for 13 CO(1−0). Rudolph et al. (1996) detected an extended radio continuum source at 6 cm (size 20 ) towards offset (−1 , 9 ). It is coincident with an optically visible nebula of the same size.
WB 89-437
Although the luminosity of this source (IRAS02395+6244; RAFGL 5077) is 7.1 10 4 L (i.e. a single O8V 0 star; Panagia 1973), Rudolph et al. (1996) found no radio continuum emission stronger than 0.18 mJy at 6 cm. This suggests that the source is very young. The H 2 O maser found by Wouterloot et al. (1993) is at offset (7 , −14 ). The cloud was observed with the BIMA interferometer in CS(2−1) and in 12 CO(1−0) by de Geus et al. (1996) . A CS clump was found at offset (2 , −7 ), the size (1.35 pc) of which is close to that which we derive for the clump found in 13 CO(2−1) (see Table 2 ). The 12 CO(2−1) spectrum towards (0 , 0 ) shows strong emission in the line wings. A spectrum obtained simultaneously with our 13 C 18 O data (see Sect. 4.2), is shown in Fig. 5a . The rms is 10 mK (at a velocity resolution of 0.2 km s −1 ), and shows emission from −120 to −40 km s −1 (a first order baseline was subtracted using the velocity interval outside −125 to −20 km s −1 ). The spectrum shows a line of −0.1 K at −40 km s −1 , which is probably due to emission in the reference position [at (1000 , 0 )] from a very optically thin foreground cloud (though possibly also the source position contains emission at this velocity). The outflow is weaker in 12 CO(1−0) than in 12 CO(2−1) (see Fig. 2 ), because of beam dilution: convolving the (2−1) map to the (1−0) resolution (not shown), the outflow emission is equally strong in both transitions, whereas the quiescent emission is stronger in (1−0). The distribution of the outflow is compared with that of the quiescent ( 12 CO and 13 CO) gas in Fig. 6 . The extent of the blue wing (Fig. 6c) is less than 12 (0.5 pc), whereas the red wing (Fig. 6d) is somewhat more extended and its centre is displaced from that of the blue outflow and the quiescent gas. Because of these small sizes, parameters like energy, momentum and dynamical age, should be derived from higher resolution data. The 13 CO(2−1) spectra suggest that there are two velocity components in the cloud, at about −70 km s −1 and at −72 km s −1 . In Figs. 5b and c we show the 13 CO(2−1) and C 18 O(2−1) spectra which were observed simultaneously with the 13 C 18 O(1−0). The rms in the spectra is 7 mK ( 13 CO) and 6 mK (C 18 O) and they show weak outflow emission. The spectrum of the ratio of 12 CO(2−1) and 13 CO(2−1) emission (stronger than 7 mK) is shown in Fig. 5d . The ratio in the line center is 2.75, and increases to more than 100 in the blue line wing, indicating that the 12 CO emission at those extreme velocities is very optically thin. The ratio is consistent with the ratio derived from the C 18 O(2−1) and 13 C 18 O(2−1) Snell et al. (1984) . Located at smaller distances from the galactic center than WB 89-437, those sources show ratios in the line wings between 20 and 80. From the average 12 CO(2−1)/ 13 CO(2−1) ratios of the WB 89-437 outflows, 54.5 (blue) and 27.5 (red), and assuming a 12 C/ 13 C abundance ratio of 150, the average 12 CO(2−1) optical depths are 2.5 (blue), and 5.5 (red). The spectrum of the 13 CO/C 18 O(2−1) ratio shows a minimum of 4.5 at the peak velocity and a slightly increasing value at other velocities, probably also caused by optical depth effects in 13 CO(2−1). This increase towards the linewings of this ratio is found more significantly in the (1−0) spectra (towards W 3OH, DR 21OH, OriA, and W 33) by Langer & Penzias (1990) . They suggest that another explanation may be that this wing emission originates in regions affected by fractionation.
WB 89-501
From gaussian fits to the 13 CO(2−1) spectra we find that there is a velocity gradient from approximately −57.8 km s −1 in the lower right corner to −58.8 km s −1 in the upper left corner of our map. A near infrared H CCD-frame, made at UKIRT, shows two about equally bright embedded objects, possibly in addition to several much weaker ones. Table 1 , the value at R=17 kpc would be 7.5 and extrapolating average values for the observed gradients, the ratio would be 8.3. Both numbers are very close to the local value and galactic differences are probably not observable.
However the measured ratios of the integrated line intensities of 13 CO and C 18 O may not represent the intrinsic ratio because of fractionation, optical depth and filling factor effects (Taylor & Dickman 1989; Langer & Penzias 1990) . Since the clouds in the present sample are located at approximately equal distances from the Sun (10 kpc) we can compare our results with those towards local dark clouds and GMC's, which have an intrinsic ratio of 7-8 (WM 92), and with the solar system ratio of 5.5.
In Table 3 we list line parameters derived from the 12 CO, 13 CO and C 18 O (1−0) and (2−1) spectra towards the 13 CO peak positions in the FOG sources where we observed both C 18 O transitions. Because some sources have a non-gaussian line profile (WB 89-380, 391, and 437), we give in Col. 5 for all sources the weighted average velocity of the emission (first moment) rather than a value obtained from gaussian fits. The line width in Col. 6 is the width at half maximum, read from the spectra. For 13 CO(1−0) we give two results. The first (indicated with 'a' in Col. 7) was obtained simultaneously with the 13 CO(2−1) emission, whereas the second one ('b') was observed simultaneously with both C 18 O lines. Differences between both 13 CO(1−0) results might be due to pointing errors, which might have been slightly larger during the (1993) mapping observations ('a'; see Sect. 2).
From Table 3 we derived the ratios of the 13 CO and C 18 O line intensities for the (1−0) and (2−1) transitions, which are listed in Cols. 2 to 4 of Table 4 . Both (1−0) transitions have been observed simultaneously and should be more accurate than the (2−1) ratios. To obtain the latter ratios we have scaled the 13 CO(2−1) intensities with the ratio of 13 CO(1−0) T * A obtained in measurements 'b' and 'a' (see Table 4 ). Only towards WB 89-437 both (2−1) transitions were observed simultaneously during the 13 C 18 O(1−0) observations. The median and average ratios of the integrated antenna temperatures of the (1−0) transition are 12.4 and 12.6 respectively. For the (2−1) transition these numbers are lower: 9.3 and 8.9. Assuming LTE conditions and using the excitation temperature derived from our 12 CO(1−0) spectrum (Col. 6 of Table  4) , we obtain the column densities from the (1−0) data listed in Col. 11 ( 13 CO) and Col. 12 (C 18 O). Their ratio is given in Col. 13, and should be the abundance ratio in the clouds. The mean value is 13.9 (median 14.4), which is slightly larger than the ratios in Cols. 2 and 3 due to optical depth effects.
The 13 CO and C 18 O data towards the FOG sources were also analyzed using an escape probability model (Stutzki & Winnewisser 1985) , which assumes a spherical cloud with constant density and kinetic temperature T kin . For T kin we first adopted the derived value for the T ex ( 12 CO). In addition, because it has been suggested that 13 CO and C 18 O originate in colder regions in cloud interiors (see e.g. Castets et al. 1990 for the case of Orion) we adopted T kin values 5 K (3 K for WB 89-391) lower than T ex for 13 CO and 10 K (6 K) lower for C 18 O. For each value of T kin we varied logn H2 in steps of 0.25 between 2 and 5 and log[N (CO)/∆v] in steps of 0.25 between 14.0 and 18.8; here n H2 is the H 2 volume density, and N (CO) the CO column density. Comparing the observed and modeled 13 CO(2−1)/ 13 CO(1−0) ratios and peak 13 CO(1−0) temperatures, the combination of n H2 and N/∆v with the lowest χ 2 was obtained. To obtain the observed line ratios we convolved the 13 CO(2−1) maps to the (1−0) resolution. Because we did not map the C 18 O(2−1) distributions we adopted the correction factor resulting from the convolution of the 13 CO(2−1) maps. The assumed values of T kin , and the resulting values of logn H2 and N (using the observed 13 CO(1−0) and C 18 O(1−0) line widths) are listed in Cols. 7 to 12 of Table 4 , and the derived ratios of the column densities are in Col. 13. It is seen that the column densities from the escape probability model are smaller than the LTE values, which are listed on the first line in Cols. 11 and 12 for each object. However the ratios do not differ significantly, and there is also little dependence on the adopted kinetic temperatures: the average (median) ratios are 13.9 (13.3) and 13.6 (12.8) in the 'warm' and 'cold' case respectively.
We can compare our results with those of Taylor & Dickman (1989) for local dark clouds and giant molecular clouds. Plotting the 13 CO/C 18 O column density ratios versus N (C 18 O) (corresponding to their Fig. 1 ), we find that the ratios towards the FOG clouds are slightly larger than found by Taylor & Dickman (1989) towards NGC 2264 at the same N (C 18 O) (which are similar to those found in other GMCs), and are much larger than those found by Taylor & Dickman for local dark clouds. Taylor & Dickman argue that the differences in the ratios N ( 13 CO)/N (C 18 O) which they found between GMCs and dark clouds (and the solar system value) could be explained by larger filling factors for 13 CO due to the presence of spatially unresolved clumps.
The ratio
The observed line intensity ratio C 18 O/ 13 C 18 O is expected (Langer & Penzias 1990) to be close to the abundance ratio 12 C/ 13 C with optical depth corrections for C 18 O (the 13 C 18 O optical depth can be neglected) approximately cancelling the correction necessary because of the difference in frequency between the two observed transitions (see Linke et al. 1977) : data presented by Langer & Penzias (1990; their Table 2) to compare optical depths derived from LTE calculations with those derived from their LVG models (their Table 4 ), and found that there are no significant differences between both methods. Both optical depths however depend on the assumed excitation (or kinetic) temperature.
Our C
18 O, 13 C 18 O, and H 2 CS data towards WB 89-437 are shown in Figs. 3 and 7 . The H 2 CS (3 1,2 −2 1,1 ) and (6 1,5 −5 1,4 ) lines in Figs. 7g and h were observed simultaneously with the same receivers as the 13 C 18 O(1−0) and (2−1) transitions, and their detections show that the tuning was correct. Because the 13 C 18 O(1−0) emission is expected to be very weak, we do not show a spectrum at the resolution of 0.11 km s −1 , but show in Fig. 7c a large velocity range at a resolution of 0.89 km s −1 , and in Fig. 7d this spectrum in the same velocity range as the H 2 CS result in Fig. 7g and for comparison the C 18 O(1−0) (smoothed to the same resolution of 0.89 km s −1 ) in Fig. 7a . No Table 4 . 13 CO/C 18 O line ratios emission is visible at the expected velocity in the 13 C 18 O(1−0) spectrum, which has an rms of 1.4 mK. A 3 mK line is visible near −54 km s −1 at the expected frequency of C 4 H (N=11−10, J=21/2−19/2) at 104.705102 GHz. Gaussian fits to the smoothed C 18 O(1−0) spectrum give a peak temperature of 0.534±0.008 K and a line width of 2.57±0.04 km s −1 . This means a 3σ lower limit of the C 18 O/ 13 C 18 O ratio of 127±10. Corrections for the C 18 O(1−0) optical depth (0.03 according to our LTE analysis), and the difference in frequency between both transitions (see Eq. 1) change this lower limit to 118±10. Because the expected 13 C 18 O line width is 2.9 channels, however, we have a formal 3σ lower limit of the C 18 O/ 13 C 18 O ratio of 216±16 (and a corrected value of 201±15).
The
13 C 18 O(2−1) spectrum in Fig. 7e seems to contain a relatively strong line. However close inspection of this spectrum also shows the presence of some residual baseline ripple. After removal of this ripple by deleting one channel in the Fourier-transformed spectrum, we obtain Fig. 7f . In this spectrum (which has an rms noise of 4.8 mK) there is some suggestion of the presence of a 9 mK line. For comparison we have plotted in Fig. 7b the C 18 O(2−1) spectrum smoothed to the same resolution of 0.44 km s −1 . The ratio C 18 O/ 13 C 18 O would be 107±60 (peak T * A ) or 88±14 ( T * A dv), which after correction would decrease slightly to 104±60 or 85±14. These values are significantly lower than the ones derived from the (1−0) transitions, a result which was also found towards W 33 and W 3OH (see below).
In Fig. 4 we show the H 2 CS distribution towards W 33. The line shapes and intensity distribution are almost equal to that of C 18 O, suggesting that the emission of both molecules originates in the same part of the cloud. Because the individual 13 C 18 O(1−0) spectra (except towards (0 , 24 )) are too noisy, we do not show its distribution. The observations by Langer & Penzias (1990) towards W 33 have been made with angular resolutions of 1. 7 (C 18 O and 13 C
18 O), and we convolved our map around the position (0 , 0 ) to this resolution and the resulting spectra are shown in Figs. 8a to d. In the 13 C 18 O(1−0) spectrum there is also emission from C 4 H (N=11−10, J=21/2−19/2) at 104.705102 GHz (at a velocity of about 53 km s −1 in Figs. 7c and g ), and from CH 3 OCH 3 (7 2,6 −7 1,7 AA and EE) at 104.705953 and 104.703328 GHz (at velocities of about 50.5 and 58.1 km s −1 , respectively). Probably because we did not observe the emission to the edge of the clump (and the C 18 O(2−1) spectra are undersampled), our temperatures are somewhat higher than those of Langer & Penzias. Line parameters towards W 33 are listed in Table 5 . Where possible, we give integrated temperatures for the intervals used by Langer & Penzias, in addition to that for the interval 28 to 42 km s −1 , which better defines the velocities where the denser gas is found. From our data we derive a ratio C 18 O/ 13 C 18 O of 37.4±8.0 (peak T * A ) and 42.6±3.2 ( T * A dv from 28 to 42 km s −1 ). These are equal to or only slightly higher than the observed ratios from the Langer & Penzias data of 37.6 and 39.9 (for the V lsr interval 26−40 km s −1 ). However in view of the calibration uncertainties of both the present and Langer & Penzias' observations the difference is not significant. In Figs. 8e to j are displayed the results towards (0 , 24 ), where we made a longer integration. Here we find ratios for C 18 O/ 13 C 18 O of 37.4±3.7 (peak T * A ) and 39.5±1.4 ( T * A dv from 28 to 42 km s −1 ), which are somewhat lower than those derived from the mapped spectra, but almost equal to the values of Langer & Penzias. The correction factor (not applied by Langer & Penzias) towards (0 , 24 ) using Eq. (1), would be 1.15. These authors find different ratios towards (0 , 0 ) and (8 , 0 ), and it is possible that the abundance ratios are not constant within the cloud. Towards (0 , 24 ) we also observed 13 C 18 O(2−1), though with relatively low signal to noise ratio (see Fig. 8i ). The observed (2−1) C 18 O/ 13 C 18 O ratios are much lower than the (1−0) values: 24.0±2.1 (peak T * A ) and 25.0±1.0 ( T * A dv from 26 to 40 km s −1 ). These differences are probably due to the much higher C 18 O(2−1) optical depths: from Eq. (1) we derive a correction factor of 1.28, which would increase the ratio to about 31±2.
However it still is smaller than the ratio obtained from the (1−0) transition.
We can also use our data towards the calibration source W 3OH to derive the abundance ratio. The W 3OH spectra are shown in Fig. 9 and line parameters are listed in Table 6 . The observed (1−0) line ratio is 88±15 (peak T * A ) or 68±12 ( T * A dv), which would change only little with the correction factor of 0.97. Although our 13 C 18 O spectrum has a low signal to noise ratio, it is in agreement with the ratios observed by Langer & Penzias (1990) , 67.8 (peak T * A ) and 72.7 ( T * A dv). Also towards W 3OH the (2−1) ratios are lower than the (1−0) ratios: we find ratios of 22.9±4.6 (peak T * A ) and 22.3±5.3 ( T * A dv). The correction factor would be 1.04. Our 13 C 18 O(2−1) spectrum in Fig. 9h also shows Langer & Penzias (1990) .
We refer to Langer & Penzias (1990 , 1993 for a discussion of the uncertainties involved in the method of deriving the 12 C/ 13 C ratio from 12 C 18 O and 13 C 18 O data. The processes possibly affecting the abundance ratio are 13 C isotopic fractionation and self-shielding. Both processes depend on the UV radiation intensity, but work in opposite directions. Because the interstellar radiation field is expected to be much weaker at large R, and radio continuum measurements did not reveal an Hii region (which would indicate the presence of embedded O stars) towards WB 89-437 , such processes will be negligible. Moreover the 13 C 18 O emission originates in the densest part of the clouds, where the extinction is high (several tens of magnitudes) and models of high density (10 3 <n(H 2 )<5 10 4 ) regions (Langer & Graedel 1989) suggest that 13 C 18 O fractionation is absent there. This is the range of densities derived for the FOG sources (see Table 4 ). Langer & Penzias (1993) show that their (1−0) results for local clouds are consistent with those obtained from e.g. CH + measurements. Our deviating (2−1) results might be related to the higher critical densities for those transitions, and the radiation therefore will not originate in the same part of the cloud as the (1−0) emission. The lower level of the H 2 CS (6 1,5 −5 1,4 ) transition is at 38.3 K above ground, and its detection suggests that the gas in the cloud core might be hotter than the temperature indicated by the 12 CO emission. NH 3 observations towards W3 OH, where the difference between (1−0) and (2−1) ratios is largest, indicate a T kin of 100 K (Mauersberger et al. 1986 ). Without a detailed study of temperature and density distribution in the sources the contradictions cannot be resolved.
According to Matteucci & D'Antona (1991) , their chemical evolution models fit best if the initial amount of 13 C is negligible and the ratio 12 C/ 13 C can be very high (>1000) in chemically young regions. Because WB 89-437 is located near the edge of the stellar disk (see e.g. Brand & Wouterloot 1995) , the ratio could therefore be much higher than our lower limit. Our findings (although based on observations of only one source) are consistent with the models by WM 92, which predict that also the 12 C/H and 13 C/H ratios in the FOG are lower than in the solar neighbourhood, and therefore the interpretation by Brand & Wouterloot (1995) of apparently contradicting column densities being due to galactic abundance gradients rather than to a much lower value of X (see Sect. 1), may be correct.
Conclusions
We have selected a sample of five far-outer Galaxy molecular clouds which are located at distances from the galactic centre between 16 and 17 kpc. Towards the five molecular clouds, all with an embedded IRAS source, small maps around the IRAS source were made in various isotopes and transitions of CO. From the 13 CO(2−1) maps we found representative clump sizes to be between 1 and 2 pc, and virial masses between 480 and 3600 M .
We observed C 18 O(1−0) and (2−1) towards the position in each source with the highest column density, which was taken to be that of the 13 CO peak. From our data we derived the ratios of 13 CO and C 18 O column densities towards the FOG sources. They are found to be about 14, which might be slightly larger than found towards local GMCs, but the interpretation of this result is unclear due to beam filling factor effects.
From our sample of sources we selected WB 89-437 as having the largest probability of showing detectable 13 C 18 O emission, based on the intensity of the 12 C 18 O line. Towards this source, we have obtained a 3σ lower limit of 201 ± 15 for the ratio 12 C/ 13 C, from observations of 12 C 18 O(1−0) and 13 C 18 O(1−0). At an R of 16.2 kpc, WB 89-437 represents the most distant point in the Galaxy where the 12 C/ 13 C ratio has been determined; up to now the ratio had been known out to R≈10.5 kpc only (WM 92). An extrapolation of the gradient found for R<10.5 kpc (WM 92) yields a ratio of 110-120 at R≈17 kpc. The present measurement seems to indicate that the gradient continues into the FOG, and may even be steeper there. It is obvious that any more quantitative statement requires more data at large R, but this is complicated by the fact that the 13 C 18 O line is expected to be so faint that the integration times become almost prohibitively large (to reach the present rms level of 1.4 mK at a resolution of 0.89 km s −1 required 20 hrs of on-source integration time).
WB 89-437 also exhibits a strong outflow, with a total velocity range in 12 CO(2−1) of 80 km s −1 . The stronger (blue) outflow is unresolved (<0.5 pc) in the present observations. At extreme velocities the 12 CO outflow emission becomes less optically thick and the 12 CO/ 13 CO ratio is above 100, which is larger than found towards local outflows and consistent with a larger than local 12 C/ 13 C abundance ratio in this cloud.
As comparison sources we observed the same transitions towards the core of the inner Galaxy source W 33, as well as towards W 3OH. The size at half maximum of the W 33 core is about 1.5 pc in C 18 O and the corresponding virial mass 8200 M . From our J=1−0 observations we determined peak 12 C/ 13 C ratios of 43.0±4.3 (towards W 33) and 85±15 (towards W 3OH), which are equal to that in earlier published determinations. Ratios 12 C/ 13 C derived from the corresponding J=2−1 transitions (104±60, 31±2, and 24±2 for WB 89-437, W 33, and W 3OH respectively) are significantly smaller than those derived from the J=1−0 transitions, a result which is not yet explained, but may be due to the emission of the two transitions originating in different parts of the cloud with different excitation conditions.
